MAR 18 '04 16=34 FR IPLftld E FISHKILL 



845 892 6363 TO 917038729306 



P. 01/48 



FACSIMILE 
TRANSMISSION 
TO USPTO 



RECEIVED 

CENTRAL RO( CENTER 



CERTIFICATION OF FACSIMILE TRANSMISSION i 

I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING 

FACSIMILE TRANSMITTED TO THE USPTO ON THE DATS SHOWN 

BELOW-, 

Date of Transmission! March 18, 2004 



Name of Person 
Making Transmission- 



M£R 1 8 2004 



Official 



Colleen J. Dew 



Signature : 



— i 



DOCUMENT FAXED: H 7 PAGES ATTACHED; INCLUDING COVER 



Re Applic of 




Eric P. Solecky et al~ 


Docket No. 




FIS920010256US1 




Serial No. 




09/996399 




Filing Date 




November 29,2001 




Attorney 




Steven Capella 





Attached: 



Appeal Brief i'n I r»p^ C£K -V-e_- 



PLEASE DELIVER TO: 

EXAMINER: Tung S. Lau 

ART UNIT: 2863 

FAX NO: 703-872-9306 

PHONE NO: 703-305-3309 



THIS MESSAGE IS INTENDED ONLY FOR THE OSE OF THE 
INDIVIDUAL OR ENTITY TO WHICH IT IS ADDRESSED, AND 
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, 
CONFIDENTIAL AND EXEMPT FROM DISCLOSURE UNDER 
APPLICABLE LAW. IF THE READER OF THIS MESSAGE IS 
NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR 
AGENT R8SPONSIBLB FOR DELIVERING THE MESSAGE TO 
THE INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED 
THAT ANY DISSEMINATION. DISTRIBUTION OR COPYING OF 
THIS COMMUNICATION IS STRICTLY PROHIBITED. IF YOU 
HAVE RECEIVED THIS COMMUNICATION jj, error, PLEAS8 
NOTIFY OS IMMEDIATELY BY TELEPHONE AND RETURN THE 
ORICINAL MESSAGE TO US AT THE ADDRESS TO THE RIGHT 
VIA THE O.S. POSTAL SERVICE. 



INTERNATIONAL BUSINESS 
MACHINES CORPORATION 

Intellectual Property Law 
East Pishkill Facility 
2070 Route 52 
Hopewell Junction 
New York 12533-6531 

Fax: 845-892-6363 
Phone: 845-894-3669 



PAGE 1/48 * RCVD AT 3118/2004 3:15:57 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/9 • DNIS:8729306 * CSID:845 892 6363 * DURATION (mm-ss):10-58 



MAR 1G '04 16=34 FR IPLfiW E FISHKILL 845 892 6363 TO 917038729306 P. 02/48 



I hereby certify that this correspondence is being deposited by FACSIMILE to the Commissioner for Patents, PO Box 
1450. Alexandria, VA 22313-1450 on March 18, 2004 by Colleen J. Dew. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Sir: 

This is an appeal from the Final Rejection of claims 6-7, 9-15 and 17-35. 
A correct copy of the claims is attached in the Appendix. 

Real Party in Interest 

The real parties in interest is International Business Machines Corporation 
per an assignment recorded in the US Patent and Trademark Office at 
Reel/Frame: 012340/0450 on November 29, 2001 . 



Related Appeals and Interferences 



None. 
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Status of Claims 

Claims 6-35 are pending. Claims 8 and 16 are objected to as being 
dependent on rejected base claims, but would be allowable if rewritten in 
independejnt form. 

Status of Amendments 

No amendments after Final Rejection have been submitted. 

Summary of Invention 

The invention centers on methods, systems, apparatus and computer 
programs for providing improved resolution and prediction of performance 
behavior and/or physical characteristic of structural features using feedback 
information which is provided as a function of position over respective features. 
The invention is especially important in the improvement and extension of 
resolution capability for CD-SEM measurements to dimensions below 180 
nanometers. Thus, for example, the invention is useful for better determining 
whether a hole in a resist pattern for forming contacts is truly open thereby 
improving yield and process condition discrimination. See the specification at 
page 2, lines 15-22; page 3, lines 2-6; page 4, lines 4-1 9 and the disclosure of 
US Patent 6185323 which is incorporated into the present application by 
reference. 

Issues 

1 . Whether claims 6-7, 9-15,1 7-32 are patentable under 35 USC 
102(e) over Kikuchi (US Patent Application 2002/0042664). 
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2. Whether claims 33-35 are patentable under 35 USC 103(a) over 
Kikuchi (US Pat. App. 2002/0042664) in view of Kim {US Pat. 
6,581,023). . 

Grouping of Claims 

Regarding issue 1, claims 11,13, 20, and 22 are further separately 
patentable for the reasons stated below and claims 1 5, 24, and 30 are also 
further separately patentable. Otherwise, the claims stand or fall together within 
each respective issue identified above. 

Ar gument 

1. Whether claims 6-7, 9-15, 17-32 are patentable under 35 USC 
102(e) over Kikuchi (US Patent Application 2002/0042664). 

Kikuchi discloses a process for improved overlay metrology wherein the 
position of alignment marks are determined and weighted to account for linear 
and non-linear distortion between respective shots. 

Kikuchi does not disclose or suggest use of feedback elements from said 
features which vary as a function of position over such features as required by 
the present claims in both the calibration database and in the data provided from 
the target features. The portions of Kikuchi (page 3, 30-36 and Fig. 7, 8, 10, 1 1, 
14, 15, 18) cited in the office action refer to distortion in the wafer as reflected by 
the position of the target features. These portions of Kikuchi do not relate to any 
property of the features themselves which changes as a function of position over 
the features. Kikuchi is simply concerned with feature position which is then 
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correlated to wafer distortion. 

Kikuchi does not disclose the prediction of etchability as in present claims 
11, 13, 20, and 22. The portions of the specification (page 2-3 sections 
0025-0030) cited in the office action are silent regarding etchability, much less 
etchability of target features. Kikuchi is concerned with overlay misalignment 
resulting from wafer distortion. Kikuchi is not concerned whether a pattern can 
be actually transferred to an underlying layer, but only that whatever pattern one 
is attempting to transfer is aligned as correctly as possible. 

Kikuchi does not disclose or suggest the use of SEM secondary electron 
emission as required by present claims 15, 24, and 30. Regarding method 
claims 15 and 24, appellants submit that no where is it contemplated in Kikuchi 
to use SEM data in the Kikuchi process. Thus, a process claiming to use such 
SEM data would not be considered obvious from Kikuchi. Regarding apparatus 
claim 30, appellants submit that apparatus claim requires a scanning electron 
beam means for obtaining information elements. Nothing in Kikuchi discloses or 
suggests an apparatus with such means. 

2. Whether claims 33-35 are patentable under 35 USC 103(a) over 
Kikuchi (US Pat. App. 2002/0042664) in view of Kim (US Pat. 
6,581,023). 

Kikuchi discloses a process for improved overlay metrology wherein the 
position of alignment marks are determined and weighted to account for linear 
and non-linear distortion between respective shots. 

Kikuchi does not disclose or suggest use of feedback elements from said 
features which vary as a function of position over such features as required by 
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the present claims in both the calibration database and in the data provided from 
the target features. The portions of Kikuchi (page 3, 30-36 and Fig. 7, 8, 10, 1 1 , 
14, 15, 18) cited in the office action refer to distortion in the wafer as reflected by 
the position of the target features. These portions of Kikuchi do not relate to any 
property of the features themselves which changes as a function of position over 
the features. Kikuchi is simply concerned with feature position which is then 
correlated to wafer distortion. 

Kikuchi does not disclose the prediction of etchability as in present claims 
33-35. The portions of the specification (page 2-3 sections 0025-0030) cited in 
the office action are silent regarding etchability, much less etchability of target 
features. Kikuchi is concerned with overlay misalignment resulting from wafer 
distortion. Kikuchi is not concerned whether a pattern can be actually transferred 
to an underlying layer, but only that whatever pattern one is attempting to 
transfer is aligned as correctly as possible. 

Kim (US 6581023) discloses a method of critical dimension measurement 
using an SEM. The problem addressed by Kim relates to whether individual 
features are imaged to target critical dimensions in a lithography process on a 
per layer basis. Kim is not concerned with overlay metrology or overlay 
alignment which is the subject of Kikuchi. Even if one were to use the 
measurement techniques of Kim in the method of Kikuchi, the result would be a 
disregard of any data regarding parameters such as feature depth since Kikuchi 
is only concerned with the location of target features. Thus, the combination of 
the teachings of Kim with those of Kikuchi, to the extent such a combination 
would be motivated to those of ordinary skill in the art, would not result in the 
claimed invention. 
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Conclusion 



For the above reasons, appellants submit that the claims are patentable 
over the prior art of record and that the application is in condition for allowance. 
Such allowance is earnestly and respectfully solicited. 



Respectfully submitted, 
Eric P. Solecky et al. 




Steven Capellgf, Attorney 
Reg. No. 33,086 
Telephone: 845-894-3669 
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THE CLAIMS 

1 -5. (cancelled) 

6. A method for evaluation of target structural features on a substrate, said 
method comprising: 

(a) providing a calibration database comprising: 

(i) information elements selected from the group consisting of 
(A) information elements describing a functional 
performance characteristic of respective reference structural 
features on a substrate, and (B) information elements 
describing a physical characteristic of each of said 
respective reference structural features, or both types of 
information elements, and 

(ii) . information elements describing feedback from said 

respective reference structural features as a function of 
position over each of said respective reference structural 
features, 

(b) providing at least one weighting function as a function of position 
over each of said respective reference structural features and at 
least one correlation function as a function of position over each of 
said respective reference structural features, wherein a plurality of 
weighting functions and/or correlation functions is provided, 

(c) determining a combination of weighting function and correlation 
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function from said provided which provide a desired degree of 
correlation between said information elements (i) and (ii) for 
respective reference structural features, 

(d) providing information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, and 

(e) applying said combination of weighting function and correlation 
function to said target structural feature information elements to 
predict said functional performance characteristic of respective 
target structural features and/or to describe said physical 
characteristic of respective target structural features. 

7. The method of claim 6 wherein a plurality of weighting functions and a 
plurality of correlation functions are provided in step (b). 

8. The method of claim 6 wherein said weighting functions are selected from 
the group consisting of continuous functions and discontinuous functions. 

9. The method of claim 6 wherein a value of said weighting function of said 
determined combination of step (c) is multiplied with a value of a 
respective information element in step (e). 

10. The method of claim 6 wherein said calibration database includes 
information elements describing a functional performance characteristic of 
respective reference structural features on a substrate, and said 
functional performance characteristic is predicted in step (e). 
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1 1 . The method of claim 10 wherein said functional performance 
characteristic is the etchability across said target feature. 

1 2. The method of claim 6 wherein said structural features are holes in a 
resist layer on said substrate. 

13. The method of claim 12 wherein said functional performance 
characteristic is a response of each respective hole to an etching protocol. 

14. The method of claim 6 wherein all of said information elements are 
embodied in a computer-readable medium and steps (c) and (e) are 
performed using a computer. 

15. The method of claim 6 wherein said feedback of steps (a) and (e) 
comprises secondary electron emission from said structural features upon 
exposure to a scanning electron beam. 

16. The method of claim 6 wherein steps (c) and (e) include performance of 
linear regression analysis. 

17. A method for evaluation of target structural features on a substrate, said 
method comprising: 

(a) providing information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, 

(b) applying a combination of a weighting function and a correlation 
function to said target structural feature information elements to 
predict a functional performance characteristic of respective target 
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structural features and/or to describe a physical characteristic of 
respective target structural features. 

18. The method of claim 1 7 wherein a value of said weighting function is 
multiplied with a value of a respective information element in step (b). 

1 9. The method of claim 17 wherein a functional performance characteristic is 
predicted in step (b). 

20. . The method of claim 1 9 wherein said functional performance 
characteristic is the etchability across said target feature. 

21 . The method of claim 1 7 wherein said structural features are holes in a 
resist layer on said substrate. 

22. The method of claim 21 wherein said functional performance 
characteristic is a response of each respective hole to an etching protocol. 

23. The method of claim 17 wherein all of said information elements are 
embodied in computer-readable media and steps (c) and (e) are 
performed using a computer. 

24. The method of claim 1 7 wherein said feedback comprises secondary 
electron emissions from said structural features upon exposure to a 
scanning electron beam. 
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25. A system for evaluation of target structural features on a substrate, said 
system comprising: 

(a) a calibration database in a computer-readable medium, said 
database comprising: 

(i) information elements selected from the group consisting of 
information elements describing a functional performance 
characteristic of respective reference structural features on a 
substrate and information elements describing physical 
analysis of each of said respective reference structural 
features, and 



(ii) information elements describing feedback from said 

respective structural features as a function of position over 
each of said respective reference structural features, 

(b) information elements in a computer-readable medium 
corresponding to at least one weighting function as a function of 
position over each of said respective reference structural features, 
and at least one correlation function as a function of position over 
each of said respective reference structural features, wherein a 
plurality of weighting functions and/or correlation functions is 
provided, 

(c) means for determining a combination of weighting function and 
correlation function from said provided which provide a desired 
degree of correlation between said information elements (i) and (ii) 
for respective reference structural features, 
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(d) information elements in a' computer-readable medium describing 
feedback from said target structural features as a function of 
position over each of said respective target structural features on 
said substrate, 

(e) means for applying said combination of weighting function and 
correlation function to said target structural feature information 
elements to predict said functional performance characteristic of 
respective target structural features and/or to describe said 
physical characteristic of respective target structural features. 

26. The system of claim 25 wherein said means (c) comprises executable 
code stored in a computer readable medium and a computer capable of 
executing said code. 

27. The system of claim 25 wherein said means (e) comprises executable 
code stored in a computer readable medium and a computer capable of 
executing said code. 

28. An apparatus for evaluation of target structural features on a substrate, 
said apparatus comprising: 

(a) information elements in a computer-readable medium describing 
feedback from said target structural features as a function of 
position over each of said respective target structural features on 
said substrate, 

(b) means for applying a combination of weighting function and 
correlation function to sard target structural feature information 
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elements to predict a functional performance characteristic of 
respective target structural features and/or to describe a physical 
characteristic of respective target structural features. 

29. The apparatus of claim 28 further comprising means for obtaining said 
information elements. 

30. The apparatus of claim 29 wherein said means for obtaining said 
information elements includes a scanning electron beam. 

31 . A computer program stored in a computer-readable medium, said 
program performing a method of evaluating target structural features on a 
substrate, said method comprising: 

(a) creating a calibration database comprising: 

(i) information elements selected from the group consisting of 
(A) information elements describing a functional 
performance characteristic of respective reference structural 
features on a substrate, and (B) information elements 
describing a physical characteristic of each of said 
respective reference structural features, or both types of 
information elements, and 

(ii) information elements describing feedback from said 
respective reference structural features as a function of 
position over each of said respective reference structural 
features, 
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(b) providing at least one weighting function as a function of position 
over each of said respective reference structural features and at 
least one correlation function as a function of position over each of 
said respective reference structural features, wherein a plurality of 
weighting functions and/or correlation functions is provided, 

(c) determining a combination of weighting function and correlation 
function from said provided which provide a desired degree of 
correlation between said information elements (i) and (ii) for 
respective reference structural features, 

(d) obtaining information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, and 

(e) applying said combination of weighting function and correlation 
function to said target structural feature information elements to 
predict said functional performance characteristic of respective 
target structural features and/or to describe said physical 
characteristic of respective target structural features. 

32. A computer program stored in a computer-readable medium, said 

program performing a method of evaluating target structural features on a 
substrate, said method comprising: 

(a) obtaining information elements describing feedback from said 

target structural features as a function of position over each of said 
respective target structural features on said substrate, 
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. (b) applying a combination of a weighting function and a correlation 
function to said target structural feature information elements to 
predict a functional performance characteristic of respective target 
structural features and/or to describe a physical characteristic of 
respective target structural features. 

33. The method of claim 6 wherein said physical characteristic is a depth 
profile across said structural feature and said functional performance 
characteristic is etchability across said structural feature. 

34. The system of claim 25 wherein said physical characteristic is a depth 
profile across said structural feature and said functional performance 
characteristic is etchability across said structural feature. 

35. The computer program of claim 31 wherein said physical characteristic is 
a depth profile across said structural feature and said functional 
performance characteristic is etchability across said structural feature. 
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Sir: 

This is an appeal from the Final Rejection of claims 6-7, 9-15 and 17-35. 
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The real parties in interest is International Business Machines Corporation 
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Status of Claims 

Claims 6-35 are pending. Claims 8 and 16 are objected to as being 
dependent on rejected base claims, but would be allowable if rewritten in 
independejnt form. 

Status of Amendments 

No amendments after Final Rejection have been submitted. 

Summary of Invention 

The invention centers on methods, systems, apparatus and computer 
programs for providing improved resolution and prediction of performance 
behavior and/or physical characteristic of structural features using feedback 
information which is provided as a function of position over respective features. 
The invention is especially important in the improvement and extension of 
resolution capabiSity for CD-SEM measurements to dimensions below 180 
nanometers. Thus, for example, the invention is useful for better determining 
whether a hole in a resist pattern for forming contacts is truly open thereby 
improving yield and process condition discrimination. See the specification at 
page 2, lines 15-22; page 3, lines 2-6; page 4, lines 4-19 and the disclosure of 
US Patent 6185323 which is incorporated into the present application by 
reference. 

Issues 

1 . Whether claims 6-7, 9-15,1 7-32 are patentable under 35 USC 
1 102(e) over Kikuchi (US Patent Application 2002/0042664). 
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2. Whether claims 33-35 are patentable under 35 USC 1 03(a) over 
Kikuchi (US Pat. App. 2002/0042664) in view of Kim (US Pat. 
6,581,023). 

Grouping of Claims 

Regarding issue 1, claims 11, 13, 20, and 22 are further separately 
patentable for the reasons stated below and claims 15, 24, and 30 are also 
further separately patentable. Otherwise, the claims stand or fall together within 
each respective issue identified above. 

Argument 

1. Whether claims 6-7, 9-15, 17-32 are patentable under 35 USC 
102(e) over Kikuchi (US Patent Application 2002/0042664). 

Kikuchi discloses a process for improved overlay metrology wherein the 
position of alignment marks are determined and weighted to account for linear 
and non-linear distortion between respective shots. 

Kikuchi does not disclose or suggest use of feedback elements from said 
features which vary as a function of position over such features as required by 
the present claims in both the calibration database and in the data provided from 
the target features. The portions of Kikuchi (page 3, 30-36 and Fig. 7, 8, 10, 1 1 , 
14, 15, 18) cited in the office action refer to distortion in the wafer as reflected by 
the position of the target features. These portions of Kikuchi do not relate to any 
property of the features themselves which changes as a function of position over 
the features. Kikuchi is simply concerned with feature position which is then 
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correlated to wafer distortion. 

Kikuchi does not disclose the prediction of etchability as in present claims 
1 1, 13, 20, and 22. The portions of the specification (page 2-3 sections 
0025-0030) cited in the office action are silent regarding etchability, much less 
etchability of target features. Kikuchi is concerned with overlay misalignment 
resulting from wafer distortion. Kikuchi is not concerned whether a pattern can 
be actually transferred to an underlying layer, but only that whatever pattern one 
is attempting to transfer is aligned as correctly as possible. 

Kikuchi does not disclose or suggest the use of SEM secondary electron 
emission as required by present claims 15, 24, and 30. Regarding method 
claims 15 and 24, appellants submit that no where is it contemplated in Kikuchi 
to use SEM data in the Kikuchi process. Thus, a process claiming to use such 
SEM data would not be considered obvious from Kikuchi. Regarding apparatus 
claim 30, appellants submit that apparatus claim requires a scanning electron 
beam means for obtaining information elements. Nothing in Kikuchi discloses or 
suggests an apparatus with such means. 

2. Whether claims 33-35 are patentable under 35 USC 1 03(a) over 
Kikuchi (US Pat. App. 2002/0042664) in view of Kim (US Pat. 
6,581,023). 

Kikuchi discloses a process for improved overlay metrology wherein the 
position of alignment marks are determined and weighted to account for linear 
and non-linear distortion between respective shots. 

Kikuchi does not disclose or suggest use of feedback elements from said 
features which vary as a function of position over such features as required by 
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the present claims in both the calibration database and in the data provided from 
the target features. The portions of Kikuchi (page 3, 30-36 and Fig. 7, 8, 10, 1 1 , 
14, 15, 18) cited in the office action refer to distortion in the wafer as reflected by 
the position of the target features. These portions of Kikuchi do not relate to any 
property of the features themselves which changes as a function of position over 
the features. Kikuchi is simply concerned with feature position which is then 
correlated to wafer distortion. 

Kikuchi does not disclose the prediction of etchability as in present claims 
33-35. The portions of the specification (page 2-3 sections 0025-0030) cited in 
the office action are silent regarding etchability, much less etchability of target 
features. Kikuchi is concerned with overlay misalignment resulting from wafer 
distortion. Kikuchi is not concerned whether a pattern can be actually transferred 
to an underlying layer, but only that whatever pattern one is attempting to 
transfer is aligned as correctly as possible. 

Kim (US 6581023) discloses a method of critical dimension measurement 
using an SEM. The problem addressed by Kim relates to whether individual 
features are imaged to target critical dimensions in a lithography process on a 
per layer basis. Kim is not concerned with overlay metrology or overlay 
alignment which is the subject of Kikuchi. Even if one were to use the 
measurement techniques of Kim in the method of Kikuchi, the result would be a 
disregard of any data regarding parameters such as feature depth since Kikuchi 
is only concerned with the location of target features. Thus, the combination of 
the teachings of Kim with those of Kikuchi, to the extent such a combination 
would be motivated to those of ordinary skill in the art, would not result in the 
claimed invention. 
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Conclusion 



For the above reasons, appellants submit that the claims are patentable 
over the prior art of record and that the application is in condition for allowance. 
Such allowance is earnestly and respectfully solicited. 



Respectfully submitted, 
Eric P. Solecky et al. 



By -jA^±uMjM^ 
Steven Capellf^ Attorney 
Reg. No. 33,086 
Telephone: 845-894-3669 
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THE CLAIMS 

1 -5. (cancelled) 

6. A method for evaluation of target structural features on a substrate, said 
method comprising: 

(a) providing a calibration database comprising: 

(i) information elements selected from the group consisting of 
(A) information elements describing a functional 
performance characteristic of respective reference structural 
features on a substrate, and (B) information elements 
describing a physical characteristic of each of said 
respective reference structural features, or both types of 
information elements, and 

(ii) information elements describing feedback from said 
respective reference structural features as a function of 
position over each of said respective reference structural 
features, 

(b) providing at least one weighting function as a function of position 
over each of said respective reference structural features and at 
least one correlation function as a function of position over each of 
said respective reference structural features, wherein a plurality of 
weighting functions and/or correlation functions is provided, 

(c) determining a combination of weighting function and correlation 
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function from said provided which provide a desired degree of 
correlation between said information elements (i) and (ii) for 
respective reference structural features, 

(d) providing information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, and 

(e) applying said combination of weighting function and correlation 
function to said target structural feature information elements to 
predict said functional performance characteristic of respective 
target structural features and/or to describe said physical 
characteristic of respective target structural features. 

7. The method of claim 6 wherein a plurality of weighting functions and a 
plurality of correlation functions are provided in step (b). 

8. The method of claim 6 wherein said weighting functions are selected from 
the group consisting of continuous functions and discontinuous functions. 

9. The method of claim 6 wherein a value of said weighting function of said 
determined combination of step (c) is multiplied with a value of a 
respective information element in step (e). 

10. The method of claim 6 wherein said calibration database includes 
information elements describing a functional performance characteristic of 
respective reference structural features on a substrate, and said 
functional performance characteristic is predicted in step (e). 
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1 1 . The method of claim 1 0 wherein said functional performance 
characteristic is the etchability across said target feature. 

12. The method of claim 6 wherein said structural features are holes in a 
resist layer on said substrate. 

13. The method of claim 12 wherein said functional performance 
characteristic is a response of each respective hole to an etching protocol. 

14. The method of claim 6 wherein all of said information elements are 
embodied in a computer-readable medium and steps (c) and (e) are 
performed using a computer. 

1 5. The method of claim 6 wherein said feedback of steps (a) and (e) 
comprises secondary electron emission from said structural features upon 
exposure to a scanning electron beam. 

1 6. The method of claim 6 wherein steps (c) and (e) include performance of 
linear regression analysis. 

1 7. A method for evaluation of target structural features on a substrate, said 
method comprising: 

(a) providing information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, 

(b) applying a combination of a weighting function and a correlation 
function to said target structural feature information elements to 
predict a functional performance characteristic of respective target 
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structural features and/or to describe a physical characteristic of 
respective target structural features. 

18. The method of claim 1 7 wherein a value of said weighting function is 
multiplied with a value of a respective information element in step (b). 

19. The method of claim 1 7 wherein a functional performance characteristic is 
predicted in step (b). 

20. The method of claim 19 wherein said functional performance 
characteristic is the etchability across said target feature. 

21 . The method of claim 1 7 wherein said structural features are holes in a 
resist layer on said substrate. 

22. The method of claim 21 wherein said functional performance 
characteristic is a response of each respective hole to an etching protocol. 

23. The method of claim 1 7 wherein all of said information elements are 
embodied in computer-readable media and steps (c) and (e) are 
performed using a computer. 

24. The method of claim 17 wherein said feedback comprises secondary 
electron emissions from said structural features upon exposure to a 
scanning electron beam. 
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25. A system for evaluation of target structural features on a substrate, said 
system comprising: 

(a) a calibration database in a computer-readable medium, said 
database comprising: 

(i) information elements selected from the group consisting of 
information elements describing a functional performance 
characteristic of respective reference structural features on a 
substrate and information elements describing physical 
analysis of each of said respective reference structural 
features, and 

(ii) information elements describing feedback from said 
respective structural features as a function of position over 
each of said respective reference structural features, 

(b) information elements in a computer-readable medium 
corresponding to at least one weighting function as a function of 
position over each of said respective reference structural features, 
and at least one correlation function as a function of position over 
each of said respective reference structural features, wherein a 
plurality of weighting functions and/or correlation functions is 
provided, 



(c) means for determining a combination of weighting function and 
con-elation function from said provided which provide a desired 
degree of correlation between said information elements (i) and (ii) 
for respective reference structural features, 
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(d) information elements in a computer-readable medium describing 
feedback from said target structural features as a function of 
position over each of said respective target structural features on 
said substrate, 

(e) means for applying said combination of weighting function and 
correlation function to said target structural feature information 
elements to predict said functional performance characteristic of 
respective target structural features and/or to describe said 
physical characteristic of respective target structural features. 

26. The system of claim 25 wherein said means (c) comprises executable 
code stored in a computer readable medium and a computer capable of 
executing said code. 

27. The system of claim 25 wherein said means (e) comprises executable 
code stored in a computer readable medium and a computer capable of 
executing said code. 

28. An apparatus for evaluation of target structural features on a substrate, 
said apparatus comprising: 

(a) information elements in a computer-readable medium describing 
feedback from said target structural features as a function of 
position over each of said respective target structural features on 
said substrate, 

(b) means for applying a combination of weighting function and 
correlation function to said target structural feature information 
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elements to predict a functional performance characteristic of 
respective target structural features and/or to describe a physical 
characteristic of respective target structural features. 

29. The apparatus of claim 28 further comprising means for obtaining said 
information elements. 

30. The apparatus of claim 29 wherein said means for obtaining said 
information elements includes a scanning electron beam. 

31 . A computer program stored in a computer-readable medium, said 
program performing a method of evaluating target structural features on a 
substrate, said method comprising: 

(a) creating a calibration database comprising: 

(i) information elements selected from the group consisting of 
(A) information elements describing a functional 
performance characteristic of respective reference structural 
features on a substrate, and (B) information elements 
describing a physical characteristic of each of said 
respective reference structural features, or both types of 
information elements, and 

(ii) information elements describing feedback from said 
respective reference structural features as a function of 
position over each of said respective reference structural 
features, 
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(b) providing at [east one weighting function as a function of position 
over each of said respective reference structural features and at 
least one correlation function as a function of position over each of 
said respective reference structural features, wherein a plurality of 
weighting functions and/or correlation functions is provided, 

(c) determining a combination of weighting function and correlation 
function from said provided which provide a desired degree of 
correlation between said information elements (i) and (ii) for 
respective reference structural features, 

(d) obtaining information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, and 

(e) applying said combination of weighting function and correlation 
function to said target structural feature information elements to 
predict said functional performance characteristic of respective 
target structural features and/or to describe said physical 
characteristic of respective target structural features. 

32. A computer program stored in a computer-readable medium, said 

program performing a method of evaluating target structural features on a 
substrate, said method comprising: 

(a) obtaining information elements describing feedback from said 

target structural features as a function of position over each of said 
respective target structural features on said substrate, 
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(b) applying a combination of a weighting function and a correlation 
function to said target structural feature information elements to 
predict a functional performance characteristic of respective target 
staictural features and/or to describe a physical characteristic of 
respective target structural features. 

33. The method of claim 6 wherein said physical characteristic is a depth 
profile across said structural feature and said functional performance 
characteristic is etchability across said structural feature. 

34. The system of claim 25 wherein said physical characteristic is a depth 
profile across said structural feature and said functional performance 
characteristic is etchability across said structural feature. 

35. The computer program of claim 31 wherein said physical characteristic is 
a depth profile across said structural feature and said functional 
performance characteristic is etchability across said structural feature. 
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Status of Claims 

Claims 6-35 are pending. Claims 8 and 16 are objected to as being 
dependent on rejected base claims, but would be allowable if rewritten in 
independejnt form. 

Status of Amendments 

No amendments after Final Rejection have been submitted. 

Summary of Invention 

The invention centers on methods, systems, apparatus and computer 
programs for providing improved resolution and prediction of performance 
behavior and/or physical characteristic of structural features using feedback 
information which is provided as a function of position over respective features. 
The invention is especially important in the improvement and extension of 
resolution capability for CD-SEM measurements to dimensions below 180 
nanometers. Thus, for example, the invention is useful for better determining 
whether a hole in a resist pattern for forming contacts is truly open thereby 
improving yield and process condition discrimination. See the specification at 
page 2, lines 15-22; page 3, lines 2-6; page 4, lines 4-19 and the disclosure of 
US Patent 6185323 which is incorporated into the present application by 
reference. 

Issues 

1 . Whether claims 6-7, 9-1 5, 1 7-32 are patentable under 35 USC 
102(e) over Kikuchi (US Patent Application 2002/0042664). 
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2. Whether claims 33-35 are patentable under 35 USC 1 03(a) over 
Kikuchi (US Pat. App. 2002/0042664) in view of Kim (US Pat. 
6,531.023). 

Grouping of Claims 

Regarding issue 1, claims 1 1, 13, 20, and 22 are further separately 
patentable for the reasons stated below and claims 15, 24, and 30 are also 
further separately patentable. Otherwise, the claims stand or fall together within 
each respective issue identified above. 

Argument 

1. Whether claims 6-7, 9-15, 17-32 are patentable under 35 USC 
102(e) over Kikuchi (US Patent Application 2002/0042664). 

Kikuchi discloses a process for improved overlay metrology wherein the 
position of alignment marks are determined and weighted to account for linear 
and non-linear distortion between respective shots. 

Kikuchi does not disclose or suggest use of feedback elements from said 
features which vary a_s_a function of position over such features as required by 
the present claims in both the calibration database and in the data provided from 
the target features. The portions of Kikuchi (page 3, 30-36 and Fig. 7, 8, 10, 1 1, 
14, 15, 18) cited in the office action refer to distortion in the wafer as reflected by 
the position of the target features. These portions of Kikuchi do not relate to any 
property of the features themselves which changes as a function of position over 
the features. Kikuchi is simply concerned with feature position which is then 
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correlated to wafer distortion. 

Kikuchi does not disclose the prediction of etchability as in present claims 
1 1 , 1 3, 20, and 22. The portions of the specification (page 2-3 sections 
0025-0030) cited in the office action are silent regarding etchability, much less 
etchability of target features. Kikuchi is concerned with overlay misalignment 
resulting from wafer distortion. Kikuchi is not concerned whether a pattern can 
be actually transferred to an underlying layer, but only that whatever pattern one 
is attempting to transfer is aligned as correctly as possible. 

Kikuchi does not disclose or suggest the use of SEM secondary electron 
emission as required by present claims 15, 24, and 30. Regarding method 
claims 15 and 24, appellants submit that no where is it contemplated in Kikuchi 
to use SEM data in the Kikuchi process. Thus, a process claiming to use such 
SEM data would not be considered obvious from Kikuchi. Regarding apparatus 
claim 30, appellants submit that apparatus claim requires a scanning electron 
beam means for obtaining information elements. Nothing in Kikuchi discloses or 
suggests an apparatus with such means. 

2. Whether claims 33-35 are patentable under 35 USC 103(a) over 
Kikuchi (US Pat. App. 2002/0042664) in view of Kim (US Pat 
6,581,023). 

Kikuchi discloses a process for improved overlay metrology wherein the 
position of alignment marks are determined and weighted to account for linear 
and non-linear distortion between respective shots. 

Kikuchi does not disclose or suggest use of feedback elements from said 
features which vary a_s_a. function of position over such features as required by 
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the present claims in both the calibration database and in the data provided from 
the target features. The portions of Kikuchi (page 3, 30-36 and Fig. 7, 8, 10, 1 1 , 
14, 15, 18) cited in the office action refer to distortion in the wafer as reflected by 
the position of the target features. These portions of Kikuchi do not relate to any 
property of the features themselves which changes as a function of position over 
the features. Kikuchi is simply concerned with feature position which is then 
correlated to wafer distortion. 

Kikuchi does not disclose the prediction of etchability as in present claims 
33-35. The portions of the specification (page 2-3 sections 0025-0030) cited in 
the office action are silent regarding etchability, much less etchability of target 
features. Kikuchi is concerned with overlay misalignment resulting from wafer 
distortion. Kikuchi is not concerned whether a pattern can be actually transferred 
to an underlying layer, but only that whatever pattern one is attempting to 
transfer is aligned as correctly as possible. 

Kim (US 6581023) discloses a method of critical dimension measurement 
using an SEM. The problem addressed by Kim relates to whether individual 
features are imaged to target critical dimensions in a lithography process on a 
per layer basis. Kim is not concerned with overlay metrology or overlay 
alignment which is the subject of Kikuchi. Even if one were to use the 
measurement techniques of Kim in the method of Kikuchi, the result would be a 
disregard of any data regarding parameters such as feature depth since Kikuchi 
is only concerned with the location of target features. Thus, the combination of 
the teachings of Kim with those of Kikuchi, to the extent such a combination 
would be motivated to those of ordinary skill in the art, would not result in the 
claimed invention. 
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Conclusion 



For the above reasons, appellants submit that the claims are patentable 
over the prior art of record and that the application is in condition for allowance. 
Such allowance is earnestly and respectfully solicited. 

Respectfully submitted, 
Eric P. Solecky et al. 

u-t nj 

By ■Jri.i^uMjM'C^ 
Steven Capella, Attorney 
Reg. No. 33,086 
Telephone: 845-894-3669 
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THE CLAIMS 

1 -5. (cancelled) 

6. A method for evaluation of target structural features on a substrate, said 
method comprising: 

(a) providing a calibration database comprising: 

(i) information elements selected from the group consisting of 
(A) information elements describing a functional 
performance characteristic of respective reference structural 
features on a substrate, and (B) information elements 
describing a physical characteristic of each of said 
respective reference structural features, or both types of 
information elements, and 

(ii) information elements describing feedback from said 
respective reference structural features as a function of 
position over each of said respective reference structural 
features, 

(b) providing at least one weighting function as a function of position 
over each of said respective reference structural features and at 
least one correlation function as a function of position over each of 
said respective reference structural features, wherein a plurality of 
weighting functions and/or correlation functions is provided, 

(c) determining a combination of weighting function and correlation 
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function from said provided which provide a desired degree of 
correlation between said information elements (i) and (ii) for 
respective reference structural features, 

(d) providing information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, and 

(e) applying said combination of weighting function and correlation 
function to said target structural feature information elements to 
predict said functional performance characteristic of respective 
target structural features and/or to describe said physical 
characteristic of respective target structural features. 

7. The method of claim 6 wherein a plurality of weighting functions and a 
plurality of correlation functions are provided in step (b). 

8. The method of claim 6 wherein said weighting functions are selected from 
the group consisting of continuous functions and discontinuous functions. 

9. The method of claim 6 wherein a value of said weighting function of said 
determined combination of step (c) is multiplied with a value of a 
respective information element in step (e). 

10. The method of claim 6 wherein said calibration database includes 
information elements describing a functional performance characteristic of 
respective reference structural features on a substrate, and said 
functional performance characteristic is predicted in step (e). 
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1 1 . The method of claim 1 0 wherein said functional performance 
characteristic is the etchability across said target feature. 

12. The method of claim 6 wherein said structural features are holes in a 
resist layer on said substrate. 

13. The method of claim 12 wherein said functional performance 
characteristic is a response of each respective hole to an etching protocol. 

1 4. The method of claim 6 wherein all of said information elements are 
embodied in a computer-readable medium and steps (c) and (e) are 
performed using a computer. 

15. The method of claim 6 wherein said feedback of steps (a) and (e) 
comprises secondary electron emission from said structural features upon 
exposure to a scanning electron beam. 

1 6. The method of claim 6 wherein steps (c) and (e) include performance of 
linear regression analysis. 

17. A method for evaluation of target structural features on a substrate, said 
method comprising: 

(a) providing information elements describing feedback from said 
target structural features as a function of position over each of said 
respective target structural features on said substrate, 

(b) applying a combination of a weighting function and a correlation 
function to said target structural feature information elements to 
predict a functional performance characteristic of respective target 
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structural features and/or to describe a physical characteristic of 
respective target structural features. 

18. The method of claim 17 wherein a value of said weighting function is 
multiplied with a value of a respective information element in step (b). 

19. The method of claim 17 wherein a functional performance characteristic is 
predicted in step (b). 

20. The method of claim 19 wherein said functional performance 
characteristic is the etchability across said target feature. 

21. The method of claim 17 wherein said structural features are holes in a 
resist layer on said substrate. 

22. The method of claim 21 wherein said functional performance 
characteristic is a response of each respective hole to an etching protocol. 

23. The method of claim 17 wherein all of said information elements are 
embodied in computer-readable media and steps (c) and (e) are 
performed using a computer. 

24. The method of claim 1 7 wherein said feedback comprises secondary 
electron emissions from said structural features upon exposure to a 
scanning electron beam. 
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25. A system for evaluation of target structural features on a substrate, said 
system comprising: 

(a) a calibration database in a computer-readable medium, said 
database comprising: 

(i) information elements selected from the group consisting of 
information elements describing a functional performance 
characteristic of respective reference structural features on a 
substrate and information elements describing physical 
analysis of each of said respective reference structural 
features, and 



(ii) information elements describing feedback from said 

respective structural features as a function of position over 
each of said respective reference structural features, 



(b) information elements in a computer-readable medium 

corresponding to at least one weighting function as a function of 
position over each of said respective reference structural features, 
and at least one correlation function as a function of position over 
each of said respective reference structural features, wherein a 
plurality of weighting functions and/or correlation functions is 
provided, 



(c) means for determining a combination of weighting function and 
correlation function from said provided which provide a desired 
degree of correlation between said information elements (i) and (ii) 
for respective reference structural features, 
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(d) information elements in a computer-readable medium describing 
feedback from said target structural features as a function of 
position over each of said respective target structural features on 
said substrate, 

(e) means for applying said combination of weighting function and 
correlation function to said target structural feature information 
elements to predict said functional performance characteristic of 
respective target structural features and/or to describe said 
physical characteristic of respective target structural features. 

26. The system of claim 25 wherein said means (c) comprises executable 
code stored in a computer readable medium and a computer capable of 
executing said code. 

27. The system of claim 25 wherein said means (e) comprises executable 
code stored in a computer readable medium and a computer capable of 
executing said code. 

28. An apparatus for evaluation of target structural features on a substrate, 
said apparatus comprising: 

(a) information elements in a computer-readable medium describing 
feedback from said target structural features as a function of 
position over each of said respective target structural features on 
said substrate, 

(b) means for applying a combination of weighting function and 
correlation function to said target structural feature information 
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elements to predict a functional performance characteristic of 
respective target structural features and/or to describe a physical 
characteristic of respective target structural features. 

29. The apparatus of claim 28 further comprising means for obtaining said 
information elements. 

30. The apparatus of claim 29 wherein said means for obtaining said 
information elements includes a scanning electron beam. 

31 . A computer program stored in a computer-readable medium, said 
program performing a method of evaluating target structural features on a 
substrate, said method comprising: 

(a) creating a calibration database comprising: 

(i) information elements selected from the group consisting of 
(A) information elements describing a functional 
performance characteristic of respective reference structural 
features on a substrate, and (B) information elements 
describing a physical characteristic of each of said 
respective reference structural features, or both types of 
information elements, and 

(ii) information elements describing feedback from said 
respective reference structural features as a function of 
position over each of said respective reference structural 
features, 
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(b) providing at least one weighting function as a function of position 
over each of said respective reference structural features and at 
least one correlation function as a function of position over each of 
said respective reference structural features, wherein a plurality of 
weighting functions and/or correlation functions is provided, 

(c) determining a combination of weighting function and correlation 
function from said provided which provide a desired degree of 
correlation between said information elements (i) and (ii) for 
respective reference structural features, 

(d) obtaining information elements describing feedback from said 
target structural features as a function Of position over each of said 
respective target structural features on said substrate, and 

(e) applying said combination of weighting function and correlation 
function to said target structural feature information elements to 
predict said functional performance characteristic of respective 
target structural features and/or to describe said physical 
characteristic of respective target structural features. 

32. A computer program stored in a computer-readable medium, said 

program performing a method of evaluating target structural features on a 
substrate, said method comprising: 

(a) obtaining information elements describing feedback from said 

target structural features as a function of position over each of said 
respective target structural features on said substrate, 
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(b) applying a combination of a weighting function and a correlation 
function to said target structural feature information elements to 
predict a functional performance characteristic of respective target 
structural features and/or to describe a physical characteristic of 
respective target structural features. 



33. The method of claim 6 wherein said physical characteristic is a depth 
profile across said structural feature and said functional performance 
characteristic is etchability across said structural feature. 

34. The system of claim 25 wherein said physical characteristic is a depth 
profile across said structural feature and said functional performance 
characteristic is etchability across said structural feature. 

35. The computer program of claim 31 wherein said physical characteristic is 
a depth profile across said structural feature and said functional 
performance characteristic is etchability across said structural feature. 



15 



FIS920010256US1 



Appl. NO. 09/996,399 



PAGE 48/48 ' RCVD AT 3/18/2004 3:15:57 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/9 * DNIS:8729306 ' CSID:845 892 6363 * DURATION (mm-ss):10-58 E . 



